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Transcatheter arterial revascularization outcomes
at vascular and general surgery teaching hospitals
and nonteaching hospitals are comparable
Castigliano M. Bhamidipati, DO, MSc,a,b Damien J. LaPar, MD, MSc,a,b George J. Stukenborg, PhD,c
Charles J. Lutz, MD,d Margaret C. Tracci, MD, JD,a Kenneth J. Cherry, MD,a
Gilbert R. Upchurch, Jr, MD,a and John A. Kern, MD,a,b Charlottesville, Va; and Syracuse, NY
Background:Outcomes following transcatheter interventions at vascular and general surgery teaching hospitals (STH) are
unknown. We examine whether surgery training programs influence clinically relevant outcomes after commonly
performed endovascular procedures.
Methods: Using an all-payer inpatient care database from 2008, we selected adults who underwent either endovascular
carotid stenting, endografting of descending thoracic aortic aneurysm, endovascular abdominal aortic aneurysm repair,
or peripheral arterial revascularization. Patients were stratified by procedures completed at Surgery Teaching (Participate
in Accreditation Council for Graduate Medical Education [ACGME]-accredited vascular and general surgery programs),
STH, or nonteaching hospitals (NTH). Hierarchical regression models assessed adverse outcomes and in-hospital
mortality among groups.
Results:Of the 175,698 records, 44% of the patients were treated at STH, while 56% underwent procedures at NTH. The
adjusted odds ratio of any complication or mortality at STH and NTHwere similar. Transfers, weekend admissions, and
nonelective cases were higher at STH (P< .001, respectively). Paradoxically, STH treated fewer patients with more than
three comorbidities compared with NTH (STH: 47% vs NTH: 53%; P< .001). Surgical teaching status did not lower the
adjusted odds of mortality for any procedure. Moreover, the occurrence of any complication (adjusted odds ratios, 0.9;
95% confidence interval, .82-1.14; P  .69) and mortality (adjusted odds ratios, 0.9; 95% confidence interval, .74-1.22;
P  .67) were equivalent between vascular and general STH.
Conclusions: Following commonly performed transcatheter vascular procedures, and despite more transfers, weekend
admissions, and nonelective procedures completed at STH, complications, and mortality were comparable across centers.
(J Vasc Surg 2012;56:247-55.)
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cThe regulatory climate in the United States has led to
the increased transparency of healthcare outcomes among
vascular surgical patients, and as such, center and surgeon
performance data are readily accessible.1-3 The Center for
Medicare and Medicaid Services intends to expand this
public reporting of procedure-related outcomes.4,5 It is
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http://dx.doi.org/10.1016/j.jvs.2011.12.083nticipated that similar to coronary artery bypass grafting,
ther procedures, such as transcatheter arterial revascular-
zation will be included in such reports. As transcatheter
evascularizations become more common even in complex
isease, mortality and morbidity are expected to improve.
hese procedures are performed in a variety of settings,
ncluding at general and/or vascular surgery teaching
STH) and nonteaching hospitals (NTH). Besides surgical
esidents, teaching hospitals are usually staffed with trainees
rom various cadres of the health care system and impact
oth surgeon and center performance. The influences of
hese human factors are important to measure and difficult
o quantify.
Pay-for-performance incentive programs have expanded
ver the last decade and have shifted their reimbursement
trategies from clinical process measures to outcome effective-
ess measures, however, specialty surgeon performance has
een challenging to quantify.6,7 Since establishingmeasurable
nd quantifiable metrics in the surgical subspecialties is diffi-
ult for effective comparisons, surgeon participation has been
epid. As an example, surgeons based at teaching hospitals
247
s
a
l
s
U
t
u
a
(
c
a
s
d
r
l
p
m
b
o
t
w
g
w
n
d
T
1
c
b
f
b
s
p
t
f
V
d
M
E
S
m
s
v
i
g
b
c
o
o
V
l
s
h
a
F
JOURNAL OF VASCULAR SURGERY
July 2012248 Bhamidipati et alputatively focus on complex cases, readily accept transfers, and
routinely provide secondary opinions in the setting of educat-
ing trainees. Yet, their performance indicator standards and
consequently, pay remains unchanged in comparison to their
nonteaching surgical contemporaries. Without appropriate
risk adjustment, comparing outcomes from surgical teaching
hospitals against those at community-based nonteaching cen-
ters is biased.
Based on volume-to-outcome associations8-10 that are
currently considered to be the benchmark for pay for
performance incentive programs and are endorsed bymajor
stakeholders,11 the systematic channeling of patients to
disease-specific specialists at teaching hospitals has grown.
Ultimately, clinical outcomes end up driving referral pat-
terns, costs, and access to care as interpreted by patients,
providers, and payers. Based on these unique casemixes, we
hypothesized that transcatheter revascularizations per-
formed at teaching and NTH would have different out-
comes. Furthermore, we anticipate that these differences
will influence the reporting of outcomes, reimbursement
for procedures, and referral of patients needing transcath-
eter revascularization. Since outcomemeasures impact gen-
eral and/or vascular surgeons at teaching and nonteaching
institutions alike, we sought to determine if hospital teach-
ing status influences outcomes following percutaneous
transcatheter interventions by a population-based analysis.
METHODS
Data sources. Data were abstracted from the 2008
Nationwide Inpatient Sample (NIS). The NIS is the largest
Healthcare Cost and Utilization Project (HCUP) all-payer
inpatient database, sponsored by the Agency forHealthcare
Research and Quality (AHRQ).12 The NIS contains data
frommore than 8 million hospital discharges annually from
1056 hospitals located in 42 States, representing 90% of all
US nonfederal hospital discharges (http://www.hcup-us.
ahrq.gov/nisoverview.jsp).12 The AHRQ has developed
appropriately scaled discharge weights to generate national
estimates of hospitalizations from the NIS (http://www.
hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp).
These weights help compare hospitalization rates across years
despite the varying number of states participating each year. The
HCUP validates the NIS for biases by comparing it to other
population-based datasets (http://www.hcup-us.ahrq.gov/re-
ports/methods.jsp). In this analysis, when more than 2% of the
variables for a particular record had data missing at random, we
excluded the record from computations. No imputations were
performed, and datasets were reviewed for any systematically
missing values and accordingly excluded from evaluation. Data
reporting meets the NIS data-use agreement as established by
HCUP.
Hospital identifiers were then abstracted from the
AmericanHospital Association (AHA) 2009 database (98%
of the survey universe). The AHA Annual Survey Database
provides market research reports and health care industry
analysis from hospitals, by identifying important health care
trends with comprehensive hospital survey data. These data
include more than 800 data fields from 6500 hospitals wurveyed about their fiscal year 2009 operations. The NIS
nd AHA databases contain de-identified administrative
evel data and were not considered human subjects re-
earch, and hence, were exempted from review by the
niversity of Virginia’s Human Investigation Committee.
Patients and groups. Patients were selected based on
heir undergoing an endovascular procedure, identified
sing the International Statistical Classification of Diseases
nd Related Health Problems 9 Clinical Modification
ICD-9-CM) codes (Appendix I, online only). All 15 pro-
edure codes (PR1-PR15) were queried to identify patients
s having undergone either transcatheter: (1) carotid artery
tenting, (2) descending thoracic aorta aneurysm en-
ografting, (3) endovascular abdominal aorta aneurysm
epair, or (4) peripheral arterial revascularization (upper/
ower extremity vessels, mesenteric, renal artery). Only
atients over 18 years of age were included. Cases with
ultiple transcatheter procedures were assigned to groups
ased on the first endovascular code to avoid the possibility
f double counting any patient record. Patients with rup-
ured descending thoracic and/or abdominal aneurysms
ere excluded. Records were selected only once per any
iven group (based on surgical procedure) and examined
ith the intent to perform a comprehensive analysis of the
ull hypothesis. Patient risk factors were assessed using 30
ifferent AHRQ comorbidities developed by Elixhauser.13
he Elixhauser comorbidities (see Table 1 in Med Care
998;36:8-27 for a complete list of ICD-9-CM and DRG
odes that were analyzed to develop the Elixhauser comor-
idities) have been shown to provide effective adjustments
or mortality risk among surgical populations14 and have
een shown to be superior to the Charlson/Deyo weighted
core.15 The median number of comorbidities stratified
atients within a subpopulation for further analysis.
Teaching status assignment. Hospital teaching sta-
us was determined by identifying all Accreditation Council
or Graduate Medical Education (ACGME) accredited
ascular Surgery fellowship and/or General Surgery resi-
ency training programs as identified by the American
edical Association (AMA) Fellowship and Residency
lectronic Interactive Database Access (FREIDA) Online
ystem. FREIDA is a database with over 8700 graduate
edical education programs as well as over 200 combined
pecialty programs accredited by the ACGME. Integrated
ascular surgery residency (0  5 track) and vascular/
nterventional radiology (VIR) fellowship training pro-
rams were excluded. This was done because the AHA-
ased identification number of a hospital that was used to
ross-link the various databases, does not permit robust
r exclusive assignment of a record to a particular sponsor
r participant center used for training a 0 5 track and/or
IR trainee. Stated differently, ACGME-accredited vascu-
ar surgery training programs (0  5 track, VIR, vascular
urgery fellowship) use the same teaching hospitals and are
ighly likely to have 0  5 track and/or VIR residents
long with vascular surgery fellows caring for patients.
ortuitously, most were not mutually exclusive, and we
ere able to ensure that 100% of the 0  5 track and/or
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eaching hospital in our analyses. ACGME-training pro-
rams where both a vascular surgery fellowship and general
urgery residency coexist, were coded as being vascular
urgery teaching programs, under the clinical assumption
hat transcatheter procedures would more likely to be
erformed by vascular surgery trainees. Once all training
rograms were stratified, sponsor and participant hospitals
ere identified. The AHA, AMAFREIDAOnline, andNIS
atabases were then cross-linked by an identifier key, while
aintaining the integrity of the de-identified data among
IS records for assigning teaching status. Based on these
trata, hospitals were differentiated into STH or NTH.
Outcomes of interest. In-hospital mortality, compli-
ations, and discharge disposition following endografting
ere our primary outcomes of interest. Complications were
dentified and limited to the hospital admission recorded
CD-9-CM codes. Because the NIS contains inpatient data
nly, complications occurring after hospital discharge can-
ot be evaluated. Several ICD-9-CM codes (Appendix II,
nline only) were adapted based on previously described
ork and used to identify and aggregate complications into
0 categories: stroke/neurocognitive, mechanical wound
ealing, postoperative infection, renal, pulmonary, gastro-
ntestinal, cardiovascular, systemic, procedural, vascular
nd device related.16
Statistical analysis. The strength of the association
able I. Continued
ariable
STH
(n  76,994)
NTH
(n  98,704) P
Insurance status
Medicare 46,327 (60.2) 69,657 (70.6) .001
Medicaid 6702 (8.7) 5244 (5.3)
Private 20,061 (26.1) 20,760 (21.1)
Self-pay 1362 (1.8) 1399 (1.4)
Other 2062 (2.7) 1431 (1.5)
Number of chronic
conditions
5.6 (2.7) 6.2 (2.9) .001
Number of diagnoses 9.1 (4.8) 9.9 (5.3) .001
Number of procedures 5.6 (3.4) 5.7 (3.1) .001
Hospital length of stay,
days 7.2 (12.1) 5.7 (8.7) .001
ospital
Urban location 76,458 (99.3) 89,104 (90.3) .001
Region of country
North-East 36,369 (47.2) 13,261 (13.4) .001
Mid-West 8765 (11.4) 18,348 (18.6)
South 16,646 (21.6) 35,354 (35.8)
West 15,215 (19.8) 31,740 (32.2)
Teaching status (NIS) 76,415 (99.2) 26,816 (27.2) .001
Hospital bed-size
Small 1955 (2.5) 10,132 (10.3) .001
Medium 9890 (12.8) 22,379 (22.7)
Large 65,149 (84.6) 66,193 (67.1)
CGME, Accreditation Council for Graduate Medical Education; NIS,
ationwide Inpatient Sample; NTH, nonteaching hospitals; STH, surgery
eaching hospitals.
ata shown as N (%) or mean (SD), where appropriate.Table I. Comparisons between ACGME
vascular/general STH and NTH
Variable
STH
(n  76,994)
NTH
(n  98,704) P
Type of operation
Endovascular abdominal
aneurysm repair 10,796 (14.0) 14,866 (15.1) .001
Descending thoracic
aneurysm repair 2586 (3.4) 1246 (1.3) .001
Peripheral arterial
stenting 45,672 (59.3) 74,442 (75.4) .001
Carotid artery stenting 17,940 (23.3) 8150 (8.3) .001
Patient characteristics
Female gender 35,232 (45.8) 42,311 (42.9) .001
Age, years 65.4 (14.6) 69.4 (12.6) .001
Comorbidity
AIDS 350 (0.5) 100 (0.1) .001
Alcohol abuse 1656 (2.2) 1749 (1.8) .001
Anemia 9299 (12.1) 18,083 (18.3) .001
Collagen vascular
disease 1508 (2.0) 1917 (1.9) .001
Chronic anemia 699 (0.9) 1199 (1.2) .001
Congestive heart
failure 5297 (6.9) 7715 (7.8) .001
Chronic pulmonary
disease 13,120 (17.0) 21,377 (21.7) .001
Coagulopathy 2573 (3.3) 3401 (3.4) .23
Depression 4556 (5.9) 5464 (5.5) .001
Diabetes 17,085 (22.2) 23,816 (24.1) .001
Diabetes
(complications) 6471 (8.4) 10,285 (10.4) .001
Drug abuse 984 (1.3) 597 (0.6) .001
Hypertension 51,776 (67.2) 70,007 (70.9) .001
Hypothyroidism 6008 (7.8) 8480 (8.6) .001
Liver disease 1649 (2.1) 1208 (1.2) .001
Lymphoma 389 (0.5) 354 (0.4) .001
Electrolyte disorder 10,890 (14.1) 14,701 (14.9) .001
Metastatic cancer 799 (1.0) 1046 (1.1) .65
Neurologic disorder 2772 (3.6) 3827 (3.9) .002
Obesity 4594 (6.0) 6750 (6.8) .001
Paralysis 1881 (2.4) 1915 (1.9) .001
Peripheral vascular
disease 27,297 (35.5) 44,710 (45.3) .001
Psychoses 1290 (1.7) 1585 (1.6) .25
Pulmonary circulation
disorder 1306 (1.7) 1481 (1.5) .001
Renal failure 17,932 (23.3) 26,321 (26.7) .001
Solid tumor 1138 (1.5) 1415 (1.4) .44
Valvular disease 2109 (2.7) 3259 (3.3) .001
Weight loss 1970 (2.6) 2818 (2.9) .001
More than three
comorbidities 36,196 (47.0) 51,882 (52.6) .001
Administrative
Admission type
Weekend 7867 (10.2) 8242 (8.4) .001
Transfer 9591 (12.5) 5367 (5.4) .001
Elective 37,720 (49.3) 51,198 (51.9) .001
Median household
income by zip code
1st quartile
($38,999) 19,248 (25.7) 25,557 (26.4)
2nd quartile
($39,000-$48,999) 18,147 (24.2) 26,875 (27.8)
3rd quartile
($49,000-$63,999) 17,326 (23.1) 23,899 (24.7)
4th quartileetween variables was measured using appropriate hypoth-
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adjusted proportions for categorical variables was evaluated
by the Pearson 2 test. Differences between mean values of
unadjusted continuous variables were assessed using single-
factor analysis of variance. Data are shown as number (N)
with percentage by group (%), or mean with standard
deviation (SD), except where indicated otherwise.
Yearly unadjusted risk for complications and mortality
among groups were calculated. Similarly, adjusted models
using covariates as described below were included to calcu-
late odds ratios for any complication and mortality. Hier-
archical multivariable regression models for in-hospital
mortality, complications, and discharge disposition were
developed to calculate the adjusted odds of an event occur-
ring, by controlling for differences in case mix, hospitaliza-
tion, and administrative characteristics. The reference vari-
ables were selected based on clinical observation and
included male gender, elective admission, large urban
teaching hospital, and peripheral stenting (since this was
the most commonly performed transcatheter procedure in
2008). Covariable selections for our models were made a
priori based on established volume-to-outcome associated
literature. The models’ predictive capacity to discriminate
was measured using the area under the receiver operator
characteristic curve (AUC). An AUC of 0.5 implies that the
models’ predictive capacity is no better than chance alone.
After excluding variables with missing values, more than
97% of the records were included in this review.
Sensitivity analyses for hierarchical models were per-
formed to evaluate the possibility that the estimated effect
of teaching status on outcomes could be erroneous, sug-
gesting that a closely related yet unmeasured confounder
exists. Therefore, models were re-estimated after removing
the parameter contributing the highest significance to the
model as measured by the Wald statistic. The potential of
an erroneous discovery, is reduced if the originally observed
effect is not substantially attenuated (did not change by
greater than 10%) and remains statistically significant fol-
lowing re-examination.17
Model development may be error prone, and albeit
regression modeling discriminates across parameters and
identifies independent predictors associated with the re-
sponse variable, accepting that the model is right (model
validation) is equally important. Thus, we created randomly
resampled equal split groups from the original dataset and
used the derivation dataset to develop models and the
confirmatory dataset for validation. These two sets of mod-
els had minimal decrement (did not change by greater than
10%). Following the assessment for robustness of models
and stability of results, adjusted odds ratios (AOR) are
presented for each covariate along with their 95% confi-
dence interval (CI). All data were analyzed using IBM
SPSS Complex Samples 17 (SPSS Inc, An IBM Co,
Armonk, NY).
RESULTS
STH vs NTH. STH treated 76,994 patients in 2008,
while 98,704 patients underwent a transcatheter procedure yt NTH. Compared with STH, peripheral procedures were
ore commonly associated with NTH (Table I). More
emale patients were treated at STH (STH: 46% vs NTH:
3%; P .001), while marginally older patients (by 4 years)
ere treated at NTH (STH: 65 years vs NTH: 69 years;P
001). The incidence of patients with more than three
omorbidities (median number of comorbidities in popu-
ation) treated at STH was lower than NTH. Weekend
dmissions at STH (10% vs 8%) and transfers (13% vs 5%)
nto STH were higher compared with NTH (P  .001,
espectively). The mean number of chronic diseases and
iagnoses per record were higher at NTH (P  .001,
espectively). Hospitalization was shorter at NTH vs STH
y 1.5 days (P  .001). The occurrence of at least one
omplication and mortality were similar between hospitals
ollowing risk adjustment (Table II). NTH independently
educed the adjusted odds of mechanical wound complica-
ions, infections, and cardiovascular complications. NTH
lso reduced the adjusted odds of procedural, vascular and
evice complications when compared to STH.
Vascular surgery fellowship and general surgery
esidency teaching hospitals. Among STH, outcomes
etween vascular surgery fellowship teaching hospitals
VSTH) and general surgery residency teaching hospitals
GSTH) were examined (Table III). Female gender, age,
nd number of comorbidities among recipients were clini-
ally similar. The incidence of patients with more than two
omorbidities (median number of comorbidities in sub-
opulation) were less likely to be associated with VSTH in
omparison to GSTH (45% vs 50%; P  .001). VSTH
erformed more elective procedures, while transfer admis-
ions into GSTHwere higher (P .001, respectively). The
umber of chronic diagnoses among patients, number of
rocedures performed per record and overall hospitaliza-
ion lengths of stay were clinically similar.
Hierarchical regression models did not identify either
ype of teaching hospital (VSTH or GSTH) to indepen-
ently influence the adjusted odds of the occurrence of at
east one complication or death (Table IV). The adjusted
dds of a wound and procedural complication were inde-
endently reduced by 30% when the operation was per-
ormed at a VSTH compared against being performed at a
STH (Table IV). A closer look at the data revealed that
he occurrence of at least one complication (Table V). was
igher at STH (21% vs NTH8%; P .001) and descending
horacic aorta aneurysm endografting (STH: 3% vs NTH:
%; P  .001). Specifically, although both VSTH and
STH had generally equivalent proportions of at least one
omplication, complication following carotid artery stent-
ng was more commonly associated with GSTH (VSTH:
8% vs GSTH: 82%; P  .001). Similarly, except for
n-hospital mortality following peripheral stenting, STH
xperienced higher crude mortality following endovascular
rocedures (Table VI). Death after carotid artery stenting
as higher at VSTH (VSTH: 5% vs GSTH: 4%; P  .02),
et equivalent for other procedures.
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of mortality. After adjusting for several patient-, admis-
sion-, and center-related covariates, hierarchical modeling
did not identify ACGME STH to independently influence
the odds of death except after abdominal transcatheter
repair (Table VII). NTH independently reduced the ad-
justed odds of in-hospital mortality by 50% (AOR, 0.50;
95% CI, .31-.73; P .001; AUC, 0.92). Among transcath-
eter revascularization recipients who were admitted on a
weekend day, or were transferred in from a different acute
care hospital, or underwent nonelective surgery, STH re-
duced the adjusted odds of mortality following descending
thoracic aneurysm repair by 60% (P .1) and increased the
adjusted odds of mortality twofold in endovascular abdom-
inal aneurysm repair (Table VIII). Notably, the subgroup
analyses cannot be adjusted for timing of weekend admis-
sion, transfer, or conditions under which nonelective sur-
gery was offered (ie, salvage) referent to where and when
the index procedure was completed.
DISCUSSION
The current study is a population-based analysis evalu-
ating the contemporary performance among themost com-
monly offered transcatheter vascular procedures in the
United States at surgery teaching and NTH. This study
raises important considerations for pay-for-performance
incentive programs based on outcomes among vascular
surgery subspecialists. We found that crude mortality was
similar across all vascular and/or general STH, but higher
when compared with NTH. Significantly, a greater propor-
tion of transfers, weekend admissions, and nonelective pro-
cedures were associated with STH. Interestingly, and con-
tradicting our intuitive expectation, patients with more
chronic diseases and with greater number of diagnoses were
treated at nonteaching facilities. Despite these data, risk-
Table II. Unadjusted and adjusted outcomes following tr
vascular/general STH (n  175,698)
Outcome of interest
Unadjusted
OR (95% CI)
At least one complication 1.8 (1.70-1.83)
Complication
Stroke/neurocognitive 0.4 (0.33-0.42)
Wound 0.8 (0.81-0.89)
Infections 0.8 (0.68-0.85)
Urinary/renal 0.7 (0.64-0.83)
Pulmonary 0.6 (0.60-0.67)
Gastrointestinal 0.9 (0.88-1.14)
Cardiovascular 0.7 (0.61-0.71)
Systemic 0.9 (0.81-1.03)
Procedural 0.8 (0.72-0.81)
Vascular 0.7 (0.68-0.79)
Device 0.8 (0.76-0.82)
Mortality 0.7 (0.66-0.74)
ACGME, Accreditation Council for Graduate Medical Education; AUC, ar
odds ratio; NTH, nonteaching hospitals; STH, surgery teaching hospitals.
Reference: event not occurring, teaching hospital.adjusted mortality and complication rates were equivalent ecross all centers. However, we also found that NTH status
ndependently reduced the adjusted odds of death in endo-
ascular abdominal aneurysm repair. Among patients who
ere admitted on a weekend or were transferred in from
nother hospital, or underwent nonelective surgery, teach-
ng hospitals reduced the adjusted odds of mortality in
escending thoracic aneurysm endografting by 60%, and
oubled the adjusted odds of death in abdominal aneurysm
ndografting compared with NTH. These results may raise
he important question of appropriate risk documentation
y select hospitals,18 given the dependent relationship be-
ween outcomes and pay for performance developed by
tatistical modeling.19 Taken together, our work demon-
trates empiric evidence for carefully selecting centers
mong risk-adjusted patients, as a means of limiting referral
ias. The pay-for-performance incentive program implica-
ions and interpretation of these results vary by the stake-
older.
Individual proceduralist volume, more than center vol-
me, has been linearly associated with outcomes.8-10 Ex-
rapolating these data imply that regardless of teaching
tatus, hospitals offering vascular surgery services impact
atient outcome by myriad mechanisms. In support, our
ata demonstrate that an endovascular procedure per-
ormed by a seasoned nonteaching surgeon alongside a
rained assistant should expectantly have lower procedural,
ascular, and device complications. Alternatively, at STH,
he operator often is a trainee working under the close
irective of an attending surgeon and indeed performs the
ey steps of procedures. Despite these nuances, the classical
erception of patients treated at teaching hospitals being
icker than those undergoing treatment at NTH are some-
hat dispelled. In the current study, we found that there
as a higher proportion of transfers accepted into teaching
ospitals, greater proportion of admissions on the week-
theter revascularization performed at NTH compared to
Adjusted
OR (95% CI) P AUC
1 1.0 (0.96-1.22) .20 1.00
1 0.7 (0.53-1.01) .09 0.88
1 0.7 (0.61-0.89) .002 0.67
1 0.7 (0.47-0.91) .011 0.77
1 0.9 (0.61-1.26) .48 0.80
1 0.9 (0.65-1.14) .28 0.80
0.9 (0.69-1.28) .69 0.81
1 0.8 (0.62-0.94) .01 0.69
1.1 (0.79-1.46) .65 0.77
1 0.7 (0.58-0.81) .001 0.65
1 0.6 (0.50-0.81) .001 0.76
1 0.6 (0.54-0.75) .001 0.68
1 0.9 (0.76-1.16) .56 0.84
der the receiver operator characteristic curve; CI, confidence interval; OR,ansca
P
.00
.00
.00
.00
.00
.00
.99
.00
.14
.00
.00
.00
.00
ea unnd, and relatively fewer elective procedures performed.
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omic status patients compared to teaching hospitals, so-
ioeconomic factors influence outcomes,20 and thus sicker
atients treated at certain hospitals may reflect a different
atient population based on nonmedical parameters,21 and
equire further investigation.
Since 2008, when centers were performing endovascu-
ar repair as feasible, and several reports described their
ong-term experience, the learning curve for transcatheter
rocedures seems to have stabilized.22,23 More recent data
n nonagenarians undergoing endovascular abdominal an-
urysm repair had an 84% survival at 12months, supporting
afety with low mortality and morbidity.24 In corrobora-
ion with the theme of these data, we found no difference in
he teaching status influence on morality and the occur-
ence of at least one complication. Traditionally, procedure
tilization and volume-to-outcome relationships have been
xamined by assessing mortality after vascular proce-
ures.25-28 Meguid and colleagues reviewed over 6000
ases in the NIS from 1998 to 2004 and reported that
n-hospital mortality was significantly reduced in patients
ndergoing open abdominal aneurysmectomy for rupture
t ACGME vascular surgery training programs, while over-
ll mortality was 42%.29 There are some plausible explana-
ions for the reduced mortality we note at NTH among
able III. Continued
ariable
VSTH
(n  45,433)
GSTH
(n  31,560) P
3rd quartile ($49,000
- $63,999) 9463 (21.3) 7863 (25.7)
4th quartile
($64,000) 12,353 (27.8) 7887 (25.8)
Insurance status
Medicare 27,039 (59.5) 19,288 (61.1) .001
Medicaid 4150 (9.1) 2552 (8.1)
Private 12,155 (26.8) 7906 (25.1)
Self-pay 868 (1.9) 494 (1.6)
Other 1147 (2.5) 915 (2.9)
Number of chronic
conditions 5.4 (2.6) 5.8 (2.9) .001
Number of diagnoses 8.7 (4.3) 9.6 (5.4) .001
Number of procedures 5.3 (3.2) 5.9 (3.6) .001
Hospital length of stay,
days 7.1 (11.4) 7.5 (12.6) .001
ospital
Urban location 45,433 (100.0) 31,025 (98.3) .001
Region of country
North-East 23,849 (52.5) 12,520 (39.7) .001
Mid-West 3539 (7.8) 5226 (16.6)
South 9580 (21.1) 7066 (22.4)
West 8466 (18.6) 6749 (21.4)
Teaching status (NIS) 45,433 (100.0) 30,981 (98.2) .001
Hospital bed size
Small 15 (0.0) 1939 (6.1) .001
Medium 4454 (9.8) 5435 (17.2)
Large 40,964 (90.2) 24,186 (76.6)
CGME, Accreditation Council for Graduate Medical Education; NIS,
ationwide Inpatient Sample; STH, surgery teaching hospitals.
ata shown as N (%) or mean (SD), where appropriate.Table III. Comparisons between ACGME vascular and
general STH
Variable
VSTH
(n  45,433)
GSTH
(n  31,560) P
Type of operation
Endovascular
abdominal
aneurysm repair 6784 (14.9) 4011 (12.7) .001
Descending thoracic
aneurysm repair 1953 (4.3) 633 (2.0) .001
Peripheral arterial
stenting 25,638 (56.4) 20,034 (63.5) .001
Carotid artery stenting 11,058 (24.3) 6882 (21.8) .001
Patient characteristics
Female gender 20,804 (45.9) 14,428 (45.8) .72
Age, years 65.3 (14.7) 65.5 (14.4) .03
Number of
comorbidities 2.5 (1.6) 2.7 (1.8) .001
Comorbidity
AIDS 219 (0.5) 130 (0.4) .15
Alcohol abuse 929 (2.0) 728 (2.3) .01
Anemia 4520 (9.9) 4779 (15.1) .001
Collagen vascular 902 (2.0) 605 (1.9) .50
Chronic anemia 316 (0.7) 384 (1.2) .001
Congestive heart
failure 2882 (6.3) 2415 (7.7) .001
Chronic pulmonary
disease 7747 (17.1) 5374 (17.0) .93
Coagulopathy 1387 (3.1) 1186 (3.8) .001
Depression 2613 (5.8) 1943 (6.2) .02
Diabetes 9658 (21.3) 7428 (23.5) .001
Diabetes
(complications) 3225 (7.1) 3247 (10.3) .001
Drug abuse 530 (1.2) 454 (1.4) .001
Hypertension 29,910 (65.8) 21,866 (69.3) .001
Hypothyroidism 3333 (7.3) 2675 (8.5) .001
Liver disease 1087 (2.4) 562 (1.8) .001
Lymphoma 211 (0.5) 178 (0.6) .06
Electrolyte disorder 5907 (13.0) 4983 (15.8) .001
Metastatic cancer 474 (1.0) 325 (1.0) .86
Neurologic disorder 1529 (3.4) 1244 (3.9) .001
Obesity 2407 (5.3) 2188 (6.9) .001
Paralysis 1056 (2.3) 825 (2.6) .01
Peripheral vascular
disease 16,314 (35.9) 10,984 (34.8) .002
Psychoses 659 (1.5) 632 (2.0) .001
Pulmonary circulation
disorder
682 (1.5) 624 (2.0) .001
Renal failure 9841 (21.7) 8092 (25.6) .001
Solid tumor 672 (1.5) 466 (1.5) .98
Valvular disease 1134 (2.5) 975 (3.1) .001
Weight loss 972 (2.1) 998 (3.2) .001
More than two
comorbidities 20,567 (45.3) 15,629 (49.5) .001
Administrative
Admission type
Weekend 4726 (10.4) 3141 (10.0) .04
Transfer 6097 (13.4) 6494 (20.7) .001
Elective 23,391 (52.0) 14,328 (45.4) .001
Median household
income by zip code
1st quartile
($38,999) 11,768 (26.5) 7480 (24.5)
2nd quartile
($39,000 -ndovascular abdominal aneurysm repair. As endovascular
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to patients, the pool of potential recipients with favorable
anatomy is diminishing. Although unable to comment on
anatomic criteria, we speculated that less suitable patients
with marginal anatomy for endografting, such as calcified
vessels, tortuous architecture, severe angulation, and heav-
ily diseased lumens are being referred for endografting at
teaching centers. Conversely, our data indicates that expe-
rience with endovascular procedures is increasing, and ar-
guably, case complexity at NTH is rising. Although NTH
are usually smaller community based centers with limited
Table IV. Unadjusted and adjusted outcomes following t
compared to vascular STH (n  76,993)
Outcome of interest
Unadjusted
OR (95% CI)
At least one complication 1.2 (1.12-1.24)
Complication
Stroke/neurocognitive 0.9 (0.81-1.08)
Wound 0.7 (0.63-0.73)
Infections 1.0 (0.86-1.18)
Urinary/renal 1.1 (0.87-1.27)
Pulmonary 0.9 (0.86-1.02)
Gastrointestinal 0.9 (0.75-1.13)
Cardiovascular 0.9 (0.86-1.05)
Systemic 0.9 (0.77-1.09)
Procedural 0.7 (0.76-0.78)
Vascular 0.7 (0.64-0.79)
Device 0.9 (0.88-0.97)
Mortality 0.9 (0.79-0.94)
ACGME, Accreditation Council for Graduate Medical Education; AUC, ar
odds ratios; STH, surgery teaching hospitals.
Table V. Unadjusted occurrence of at least one complicat
Procedure STH
Carotid artery stenting 14,202 (20.5) 71
Descending thoracic aneurysm repair 2372 (3.4) 11
Endovascular abdominal aneurysm
repair 9960 (14.3) 13,8
Peripheral arterial stenting 42,893 (61.8) 70,8
GSTH, General surgery teaching hospital; NTH, nonteaching hospital; STH
Data shown as N (%) or mean (SD), where appropriate.
aProportions indicate rate of the occurrence of at least one complication cal
Table VI. Unadjusted mortality by center type stratified b
Procedure STH
Carotid artery stenting 868 (37.1) 2
Descending thoracic aneurysm repair 165 (7.0)
Endovascular abdominal aneurysm
repair 361 (15.4) 2
Peripheral arterial stenting 948 (40.5) 15
GSTH, General surgery teaching hospital; NTH, nonteaching hospital; STH
Data shown as N (%) or mean (SD), where appropriate.
aProportions indicate mortality rate calculated by two-layer method for eachcritical-care facilities, where routine procedures can be Iompleted without complications, patients that end up
equiring higher levels of care, adjunctive procedures (for
xample, [1] aortic debranching and [2] concomitant pro-
edures in concert with the main transcatheter procedure),
r salvage maneuvers are transferred to teaching hospitals.
eaching hospitals typically accept all transferees, which
an contribute to the higher complication rate, and higher
elative mortality. Another practical example is when a
ritically ill patient is transferred to a teaching hospital
ollowing successful completion of a procedure at an out-
ide facility, and the mortality occurs at the teaching center.
atheter revascularization performed at general STH
Adjusted
OR (95% CI) P AUC
1 0.9 (0.82-1.14) .69 1.00
1.3 (0.81-2.05) .28 0.87
1 0.7 (0.51-0.89) .005 0.68
0.8 (0.49-1.27) .33 0.78
1.4 (0.67-2.86) .38 0.81
1.2 (0.81-1.69) .41 0.81
1.1 (0.69-1.75) .70 0.82
0.9 (0.71-1.39) .98 0.70
1.2 (0.78-1.69) .47 0.77
1 0.7 (0.53-0.91) .007 0.67
1 0.8 (0.56-1.18) .26 0.78
2 0.9 (0.71-1.06) .15 0.71
1 0.9 (0.74-1.22) .67 0.84
der the receiver operator characteristic curve; CI, confidence interval; OR,
y center type stratified by operationa
P VSTH GSTH P
.7) .001 8590 (77.7) 5613 (81.6) .001
.2) .001 1792 (91.8) 580 (91.6) .92
4.9) .004 6287 (92.7) 3673 (91.6) .041
6.2) .001 24,032 (93.7) 18,860 (94.1) .07
ery teaching hospital; VSTH, vascular surgery teaching hospital.
d by two-layer method for each operation by center designation.
erationa
P VSTH GSTH P
1.9) .001 568 (5.1) 300 (4.4) .02
.4) .001 117 (6.0) 48 (7.6) .15
0.6) .001 243 (3.6) 118 (2.9) .07
4.1) .001 534 (2.1) 414 (2.1) .91
ery teaching hospital; VSTH, vascular surgery teaching hospital.
ation by center designation.ransc
P
.00
.36
.00
.92
.59
.11
.43
.30
.32
.00
.00
.00
.00ion b
NTH
88 (7
55 (1
13 (1
07 (7
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the teaching hospital absorbs the potential mortality
and/or complication that may have ensued. Furthermore,
although there are limited data, anecdotal evidence sug-
gests that complications following index operations per-
formed outside the teaching environment are regularly
managed by surgery teaching institutions. This type of
relative risk assessment is not appropriately reflected among
databases used to develop pay for performance algorithms.
There are some limitations to note. This is an empiri-
cally derived observational analysis with an inherent selec-
tion bias given the limited data on specific anatomy that is
used to assess the feasibility of transcatheter repair. Addi-
tionally, the focus of this study was to perform a contem-
porary examination among teaching and NTH outcomes
following commonly performed endovascular procedures,
and not assess surgeon or hospital volume impact on out-
comes. All ACGME vascular surgery training sponsor pro-
grams and their participant hospitals were included, and yet
care provided by specifically 0  5 track, VIR, and/or
vascular surgery fellowship trainees cannot be extrapolated.
Next, the NIS is a large database with the potential for
erroneous coding among ICD-9-CMprocedure codes. For
example, cases with multiple transcatheter procedures as-
signed to groups based on the first endovascular code may
not necessarily reflect the most important or significant
procedure performed during the admission and coded first.
However, the NIS represents a random sampling of dis-
charge level data that is externally and internally validated.
Table VII. Adjusted mortality by operation at non-
teaching compared to vascular/general STH
Procedure AOR (95% CI) P AUC
Carotid artery stenting 0.9 (0.56-1.42) .63 0.83
Descending thoracic
aneurysm repair 1.1 (0.57-2.01) .82 0.79
Endovascular abdominal
aneurysm repair 0.5 (0.31-0.73) .001 0.92
Peripheral arterial stenting 0.9 (0.79-1.22) .84 0.83
AOR, Adjusted odds ratios; AUC, area under the receiver operator charac-
teristic curve; CI, confidence interval; STH, surgery teaching hospitals.
Table VIII. Adjusted mortalitya by operation at
vascular/general surgery teaching compared with NTH
Procedure AOR (95% CI) P AUC
Carotid artery stenting 1.4 (0.95-2.10) .09 0.69
Descending thoracic
aneurysm repair 0.4 (0.15-1.17) .09 0.82
Endovascular abdominal
aneurysm repair 2.1 (1.15-3.76) .02 0.85
Peripheral arterial stenting 1.1 (0.85-1.34) .57 0.79
AOR, Adjusted odds ratios; AUC, area under the receiver operator charac-
teristic curve; CI, confidence interval; NTH, nonteaching hospitals.
aIncludes weekend admissions, or transfers from a different acute care
hospital or nonelective surgery.Therefore, coding error is expectantly homogenously dis-ributed across groups, equally impacting the study popu-
ations in this evaluation. Importantly, since the NIS con-
ains only discharge data, real perioperative mortality and
orbidity may be unknown if it occurs after discharge from
he index operation. Twenty-three-hour observation cases
nd outpatient procedures that were not admitted to a
ospital are not captured by the NIS and could affect the
ample size. Moreover, specific techniques to decrease the
orbidity with these approaches, including the use of
ardiopulmonary bypass or preprocedural optimization
ith carotid-to-carotid bypass that warrants an earlier ad-
ission prior to the main operation cannot be fully ana-
yzed. Albeit limited given our sensitivity analysis, the po-
ential for an unmeasured confounder is possible and
nherent to the constraints of the NIS data points. Finally,
e are unable to adjust for other well-established surgical
isk factors such as low perioperative albumin level, mar-
inal renal function, or poor nutritional status as these
ariables are not populated by the NIS.
ONCLUSIONS
The current study is a contemporary population-based
nalysis documenting comparable clinical outcomes in pa-
ients undergoing transcatheter procedures at teaching and
TH. Interpretation of these data to develop pay-for-
erformance metrics and procedure-related incentiviza-
ion, along with careful patient selection will limit referral
ias and is an important consideration for patient out-
omes.
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July 2012255.e1 Bhamidipati et alAppendix I (online only). ICD-9-CM codes used to identify and select cases
Inclusion criteria
Patients with the following ICD-9 procedure codes were included in our analysis:
Percutaneous insertion of carotid artery stent(s): 00.63
Includes the use of any embolic protection device, distal protection device, filter device, or stent delivery system; nondrug-eluting stent
Endovascular implantation of graft in abdominal aorta: 39.71
Endovascular implantation of graft in thoracic aorta: 39.73
Insertion of nondrug-eluting peripheral vessel stent(s): 39.90
Angioplasty or atherectomy of other noncoronary vessel(s): 39.50
Upper and lower extremity vessels
Mesenteric artery
Renal artery
Exclusion Criteria
Patients less than 18 years old
Patients with the following ICD-9 procedure codes were excluded from our analysis:
Fenestration of dissecting aneurysm of thoracic aorta: 39.54
Endovascular repair or occlusion of head and neck vessels: 39.72
Endovascular repair of vessel (nonspecific): 39.7
Patients with the following ICD-9 diagnosis codes were excluded from our analysis:
Rupture of artery: 447.2
Thoracic aneurysm, ruptured: 441.1
Abdominal aneurysm, ruptured: 441.3
Aortic aneurysm of unspecified site, ruptured: 441.5
Thoracoabdominal aneurysm, ruptured: 441.6
Thoracoabdominal aneurysm, without mention of rupture: 441.7
Aortic aneurysm of unspecified site without mention of rupture: 441.9CD-9-CM, International Statistical Classification of Diseases and Related Health Problems 9 Clinical Modification.
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Volume 56, Number 1 Bhamidipati et al 255.e2Appendix II (online only). ICD-9-CM codes used for postoperative complicationsMechanical wound complications
Delayed wound healing: 998.83
Postoperative hematoma: 998.12
Postoperative seroma (noninfected): 998.13
Disruption of operative wound: 998.3
Persistent postoperative fistula: 998.6
Infections
Postoperative infection: 998.5
Postoperative skin abscess: 998.59
Postoperative septic wound complications: 998.59
Postoperative skin infection: 998.59
Postoperative intra-abdominal abscess: 998.59
Postoperative subdiaphragmatic abscess: 998.59
Postoperative infected seroma: 998.51
Urinary complications
Postoperative urinary retention: 997.5
Postoperative urinary tract infection: 997.5
Pulmonary complications
Postoperative atelectasis: 997.3
Postoperative pneumonia: 997.3
Mendelson syndrome resulting from a procedure: 997.3
Postoperative acute respiratory insufficiency: 518.5
Postoperative acute pneumothorax: 512.1
Adult respiratory distress syndrome: 518.5
Postoperative pulmonary edema: 518.4
Gastrointestinal complications
Postoperative small bowel obstruction: 997.4
Postoperative ileus: 997.4
Postoperative ileus requiring nasogastric tube: 997.4
Postoperative nausea: 997.4
Postoperative vomiting: 997.4
Postoperative pancreatitis: 997.4
Complication of anastomosis of gastrointestinal tract: 997.4
Cardiovascular complications
Postoperative deep venous thrombosis: 997.79
Postoperative pulmonary embolism: 415.11
Postoperative stroke: 997.02
Cardiac arrest/insufficiency during or resulting from a procedure: 997.1
Systemic complications
Postoperative shock (septic, hypovolemic): 998.0
Postoperative fever: 998.89
Complications during procedure
Accidental puncture or laceration, complicating surgery: 998.2
Foreign body accidentally left during procedure: 998.4
Bleeding complicating procedure: 998.11
Vascular Complications
Phlebitis or thrombophlebitis during or resulting from a procedure: 997.2 excludes:
implant or catheter device: 996.62
infusion, perfusion, or transfusion: 999.2
complications affecting blood vessels: 997.71-997.79
Vascular complications of mesenteric artery: 997.71
Vascular complications of renal artery: 997.72
Vascular complications of other vessels: 997.79
Device Complications
Mechanical complication of other vascular device, implant, and graft: 996.1
Due to vascular device, implant, and graft: 996.74
ICD-9-CM, International Statistical Classification of Diseases and Related Health Problems 9 Clinical Modification.
